Background and objectives: Sexual dysfunction is very common in patients with chronic kidney disease (CKD),
S exual dysfunction is a set of disorders characterized by physical and psychologic changes that result in the inability to perform satisfactory sexual activities. The condition has been found to be significantly more common in men and women with chronic kidney disease (CKD) than in the general population (1). Men with CKD frequently suffer from reduced libido, erectile dysfunction, and difficulty reaching orgasm (2) . Approximately 50% of male predialysis CKD patients and 80% of male dialysis patients have erectile dysfunction (3) (4) (5) (6) . Moreover, the prevalence of erectile dysfunction in male dialysis patients has been found to increase with age (63% Ͻ50 years versus 90% Ն50 years) (3) . Similar results have been reported in women with CKD, with 55% of female dialysis patients reporting difficulty with sexual arousal (2) . Dysmenorrhea, delayed sexual development, impaired vaginal lubrication, dyspareunia, and difficulties in reaching orgasm are also frequently observed (7, 8) .
Multiple factors contribute to the frequent occurrence of sexual dysfunction in CKD patients, including hormonal disturbances (such as hyperprolactinemia, hypogonadism in males, and changes in hypothalamic-pituitary function in women) (9) , anemia (10) , CKD mineral and bone disorder (4) , psychosocial factors (such as depression, anxiety, poor self-esteem, social withdrawal, marital discord, body image issues, fear of disability and death, loss of employment, and financial difficulties) (2, 11, 12) , autonomic neuropathy (13) , medications (including antihypertensives, antidepressant, and histamine receptor blockers) (2) , and comorbid illness (such as diabetes mellitus, cardiovascular disease, and malnutrition) (2, 14) . Sexual dysfunction is inversely associated with GFR (7) and is improved after renal transplantation (15, 16) , suggesting that CKD per se may contribute to sexual dysfunction in these patients (15) .
Studies have also identified significant associations between sexual dysfunction in CKD patients and depression (8, 17) , impaired quality of life (8, 17, 18) , and adverse cardiovascular outcomes (19) . Effective treatment of sexual dysfunction in CKD patients may therefore potentially lead to improvement in these patient-level outcomes, although a causal link has not been definitively established (18) .
Therapies that have been used to treat sexual dysfunction include phosphodiesterase-5 inhibitors (PDE5i), intracavernosal injections, intraurethral suppositories, hormonal therapy, mechanical devices, and psychotherapy. Although many clinical trials and reviews have explored the role of these interventions for sexual dysfunction in nonuremic patients (20 -24) , the effectiveness and safety of these interventions in patients with CKD have not yet been studied thoroughly. Therefore, we aimed to evaluate the benefits and harms associated with various interventions for sexual dysfunction in patients with CKD.
Materials and Methods

Search Strategy
We searched MEDLINE (via OvidSP, 1966 CENTRAL and the Renal Group's specialized register contain the handsearched results of conference proceedings from general and specialty meetings. This is an ongoing activity across the Cochrane Collaboration and is retrospective and prospective. The search strategy used to obtain titles and abstracts of studies that may be relevant to the review is reported in Appendix 1.
Types of Studies
All randomized controlled trials (RCTs) and quasi-RCTs of any treatment (hormone therapy, PDE5i, intracavernous injections, intraurethral pellets, mechanical devices, and behavioral therapy) for sexual dysfunction in male and female patients with CKD were included. Trials were considered without language restrictions.
Types of Participants
Patients aged Ͼ18 years and with any stage of CKD, including patients who are not receiving renal replacement therapy (predialysis) and those with end-stage kidney disease who are receiving hemodialysis or peritoneal dialysis or have a functioning kidney transplant, were considered for inclusion. Studies that enrolled patients without CKD were excluded.
Types of Interventions
All studies of pharmacologic and nonpharmacologic interventions for treating sexual dysfunction in patients with CKD were considered for inclusion. 
Types of Outcome Measures
We planned to obtain the following outcome measures as reported in the included studies: Male sexual dysfunction outcomes • Achievement of prolonged penile rigidity satisfactory to enable complete sexual intercourse (measurement of genital blood flow and nocturnal penile tumescence).
• Number of successful sexual intercourses and number of participants who showed improved sexual function as measured by patient's log and reported by study authors.
• Hormone levels as measured by trialists (including testosterone or other hormone levels).
• Major and minor adverse effects of interventions (coronary ischemia, headache, flushing for PDE5i, and priapism for intracavernous injections).
• Treatment compliance (as reported by study authors).
• Number of participants who dropped out 
Data Collection
The titles and abstracts were screened independently by two reviewers (M.V., S.D.N.) who discarded studies that were not applicable; however, studies and reviews that might include relevant data or information on trials were initially retained. The reviewers independently assessed retrieved abstracts and the full text of these studies to determine which studies satisfied the inclusion criteria. The same reviewers independently carried out data extraction using standard data extraction forms. Studies reported in non-English language journals were translated before assessment. When more than one publication of one trial existed, only the paper with the most complete data was included. We only included the data from the first part of the crossover trials for this analysis. Further information required from the original author was requested by written correspondence and any relevant information obtained was included in the review. Disagreements were resolved in consultation with G.F.M.S.
Study Quality
The quality of included studies was assessed independently by M.V. and S.D.N. using a checklist that included allocation concealment; blinding of participants, investigators, outcome assessors, and data analysts; use of intention-to treat-analysis; and completeness to followup. Any discrepancy was resolved by discussion with G.F.M.S.
Statistical Assessment
For dichotomous outcomes, adverse effects (coronary ischemia due to PDE5i, priapism, or penile pain due to intraurethal injections, vaginal itching due to vaginal cream, study withdrawal rate due to any adverse effect) results were expressed as relative risk (RR) with 95% confidence intervals (CI). Data were pooled using the random effects model, but the fixed effects model was also analyzed to ensure robustness of the model chosen and susceptibility to outliers. Where continuous scales of measurement were used to assess the effects of treatment (15-IIEF, 5-IIEF, FSFI, and FIEI scores; vaginal pH; genital blood flow; variations of vaginal pressure-volume; genital threshold of perception of vibration; and measurement of testosterone, LH, FSH, prolactin, and zinc concentration), the mean difference (MD) was used, or the standardized mean difference (SMD) if different scale units of measurement were used. Heterogeneity was analyzed using the 2 test on N Ϫ 1 degrees of freedom (Cochran Q), with an alpha of 0.05 used for statistical significance and the I 2 statistic (25) . If an adequate number of studies were identified, we planned for subgroup analysis and metaregression to explore the effects of various covariates relating to patient, treatment, and study characteristics such as stage of kidney disease, treatment duration, and various study quality measures on prespecified treatment outcomes. Analyses were performed using Revman 5 (The Cochrane Collaboration, United Kingdom, 2007).
Results
Search Results
We identified 101 articles in MEDLINE, EMBASE, and in CENTRAL. Seventy-six studies were excluded at the abstract stage because they did not meet the inclusion criteria. Of the remaining 25 citations (full-text analysis), 9 studies were excluded because they assessed treatment or outcomes that were not relevant to this review. Finally, 14 trials reported in 16 publications and enrolling a total of 328 patients were included in the review (Figure 1) (5,26 -38) . Authors of these trials were contacted for additional details, but none responded.
Trial Characteristics
Two groups of trials were identified: eight parallel trials (26 -33) and six crossover trials (5,34 -38) .
Of the eight parallel trials, four (50 patients) compared elementary zinc or zinc chloride to placebo (26, 27, 30, 32) . In three of these trials, zinc chloride was added to the dialysis bath (26, 27, 32) ; in one trial elementary zinc was administered orally (30) . Two trials (99 patients) compared vardenafil with placebo (28, 33) , and one trial (41 patients) compared sildenafil citrate with placebo (31). One trial (24 patients) compared vitamin E to placebo (29) . Of the remaining six crossover trials, three trials (59 patients) compared sildenafil citrate with placebo (5,34,37,). Two trials (40 patients) compared bromocriptine with placebo (36, 38) , and one trial (15 patients) compared 1,25-dihydroxycholecalciferol with placebo (35) . Five trials included diabetic patients. Of these, one enrolled patients with diabetic nephropathy. Eleven trials included patients on hemodialysis, one included patients on peritoneal dialysis, and the remaining two studies included renal transplant recipients. Other characteristics of the included trials are detailed in Table 1 .
Study Quality
By current methodological standards for reporting, trial quality was variable. Allocation concealment was adequate in only 2 of 14 (14%) trials (30, 38) and unclear in 12 of 14 (86%) trials (27) (28) (29) (30) (32) (33) (34) (35) (36) (37) (38) 39) . Participants were blinded in 3 of 14 (21%) trials (33, 35, 36) , investigators were blinded in 1 of 14 (7%) trials (26) , participants and investigators were blinded in 8 of 14 (57%) trials (5,27,29 -32,37-38), but outcome assessors were blinded in none of the trials. Two trials (14%) did not blind all different groups (28, 34) . None of the 14 trials (0%) was analyzed on an intention-to-treat basis. The number of patients lost to follow-up ranged from 0% to 36.0%.
Study Outcomes
PDE5i versus Placebo. There was a consistent improvement in the overall score of the IIEF-5 with PDE5i compared with placebo (3 RCTs, 101 patients, MD 1.81, 95% CI 1.51 to 2.10) (5, 28, 31) , and a consistent increase of the score of all individual IIEF-5 tool domains: (1) erection frequency (3 RCTs, 149 patients, MD 1.54, 95% CI 1.14 to 1.93) (5, 28, 31) , (2) (Figure 2 ). When two crossover trials were excluded from the analysis, no significant changes were shown and the resulting effect remained the same for each domain of the overall IIEF-5 score.
There was significant heterogeneity noted in these analyses (Figure 2 ). These could be attributed to the differences in the patient characteristics such as stage of kidney disease and baseline comorbid disease conditions, treatment characteristics such as treatment duration and dose of the agent used, and study characteristics such as use of blinding and intention-totreat analysis. Because of the lack of an adequate number of studies, we could not conduct subgroup analysis or metaregression as planned a priori.
We found a significant increase in the overall satisfaction score of the IIEF-15 sexual assessment tool with sildenafil compared with placebo (1 RCT, 41 patients, MD 2.64, 95% CI 1.32 to 3.96), and a consistent improvement in erectile function (2 RCTs, 80 patients, MD 10.64, 95% CI 5.32 to 15.96), orgasmic function (1 RCT, 41 patients, MD 1.70, 95% CI 0.35 to 3.05), and intercourse satisfaction (1 RCT, 41 patients, MD 1.71, 95% CI 0.11 to 3.31) (31).
Adverse Effects. There was no significant increase in the risk of headache when PDE5i was compared with placebo (1 RCT, 41 patients, RR 1.05, 95% CI 0.16 to 6.76) (31) . Included studies did not report incidence of coronary ischemia for PDE5i, priapism for intracavernous injections, and breast cancer for estrogen replacement therapy.
Zinc versus Placebo
Gonadotropins. There was no consistent increase in endof-treatment plasma testosterone concentration by addition of zinc to the dialysate (2 RCTs, 22 patients, SMD 0.19, 95% CI Ϫ2.12 to 2.50) (26,27), whereas oral zinc significantly improved end-of-treatment plasma testosterone levels (1 RCT, 20 patients, SMD 1.62, 95% CI 0.58 to 2.66) (29) . There was no significant reduction in the end-of-treatment plasma FSH concentration (2 RCTs, 28 patients, MD Ϫ9.69 mIU/ml, 95% CI Ϫ23.72 to 4.34) (26,30) and plasma LH level (2 RCTs, 20 patients, MD 18.80 mIU/ml, 95% CI Ϫ26.16 to 63.76) (26, 30) with zinc compared with placebo.
Sexual Function. One trial showed significant decrease in the frequencies of intercourse (1 RCT, 20 patients, RR 0.22, 95% CI 0.06 to 0.78) and total or partial impotence (1 RCT, 20 patients, RR 0.13, 95% CI 0.02 to 0.82) with zinc compared with placebo (30). There was no consistent variation in libido using zinc compared with placebo (2 RCTs, 34 patients, RR 0.11, 95% CI 0.01 to 1.83) (27, 30) , nor a significant increase in episodes of nocturnal penile tumescence (1 RCT, 7 patients, RR 0.75, 95% CI 0.07 to 7.73) (32) .
Vitamin E versus Placebo
One trial (29) showed a consistent decrease in end-of-treatment prolactin (1 RCT, 24 patients, MD Ϫ41.23 ng/ml, 95% CI Ϫ50.42 to Ϫ32.04), LH (1 RCT, 24 patients, MD Ϫ6.77 mU/ml, 95% CI Ϫ10.15 to Ϫ3.39), and testosterone levels (1 RCT, 24 patients, MD 7.00 pg/ml, 95% CI 4.43 to 9.57) after administration of vitamin E compared with placebo, but no statistically significant decrease in FSH levels (1 RCT, 24 patients, MD Ϫ0.65 mU/ml, 95% CI Ϫ2.61 to 1.31). No adverse effects were reported in this study.
Other Outcomes
Other outcomes reported in the included studies are summarized in Table 2 . 
Discussion
Key Findings
Our systematic review demonstrated that in small clinical trials, PDE5i improved various aspects of erectile function in CKD patients. No data about safety of these agents have been reported in these studies. Oral zinc supplementation resulted in a significant increase in plasma testosterone concentration along with an increase in the potency and frequency of intercourse. However, administration of zinc in the dialysate did not improve testosterone or the other biochemical parameters of gonadal failure. Only sparse data were available for vitamin E, bromocriptine, and dihydroxycholecalciferol in CKD patients and no trials assessed intracavernous injections, transurethral injections, mechanical devices, or behavioral therapy in CKD. The safety and efficacy of interventions for sexual dysfunction in women with CKD were poorly studied.
Comparison with Other Studies
PDE5i have been extensively studied in the general population and have been generally shown to improve erectile response and to be well tolerated in men with mild to severe erectile dysfunction due to varying etiologies (24,39 -46). In a (41) reported that PDE5i were significantly more effective than placebo in improving sexual intercourse success (69% versus 35%) and resulted in a higher proportion of men with improved erections (range 67% to 89% versus 27% to 35%) in mixed study populations and in study populations of men with specific comorbid conditions, such as diabetes mellitus, stable cardiovascular disease, hypertension, depression, multiple sclerosis, rectal excision for bowel cancer, and radical prostatectomy for prostate cancer. The magnitude of improvement in erectile function was comparable between sildenafil, vardenafil, and tadalafil. Balanced against these benefits, PDE5i were associated with an increased risk of any adverse event (RR 1.72, 95% CI 1.53 to 1.93), the most common of which were headaches, flushing, dyspepsia, myalgia, and back pain. Although the reporting of all serious adverse or cardiovascular adverse events was inconsistent and incomplete, the overall rate of serious adverse events in men randomly assigned to PDE5i was Յ2% and comparable to those assigned to placebo. There was insufficient evidence to determine whether treatment with PDE5i increased the risks of serious cardiovascular events or nonarteritic anterior ischemic optic neuropathy. On the basis of these findings, the American College of Physicians issued clinical practice guidelines strongly recommending PDE5i for men who seek treatment for erectile dysfunction and who do not have contraindications to PDE5i use (47) .
In keeping with the findings of Tsertsvadze et al. in non-CKD populations, we found that administration of PDE5i to men with CKD caused clinically meaningful and statistically significant improvements in general sexual satisfaction and erectile dysfunction. However, despite the high rate of sexual dysfunction in CKD patients and concerns about the safety of pharmacologic treatments in the setting of renal impairment, we found only six small clinical trials (including comparative and crossover trials) that assessed PDE5i in CKD. The longest study duration was 8 months. Comparison of the efficacy of different PDE5i was not possible because only limited data were available for sildenafil and vardenafil and no data were available for tadalafil or mirodenafil. Unfortunately, there was also a complete lack of safety data for PDE5i in CKD patients, a population that is at high risk for silent cardiovascular disease.
Similar to the general population, our review did not identify any clinical trial analyzing the safety and efficacy of PDE5i in female CKD patients, despite the ubiquitous occurrence of sexual dysfunction in this group. Biologic plausibility exists to support the use of PDE5i in female patients with sexual dysfunction (48), but efficacy and safety are unclear and there is no consensus on the best treatment options for sexual dysfunction in female patients (49) . Further studies in this important clinical area are warranted.
Our review found some earlier studies supporting the use of oral zinc therapy in CKD to improve sexual dysfunction. These were short-term investigations that assessed the effect of zinc on surrogate end points, such as gonadal hormone levels. With the declining use of zinc in clinical practice, further studies were not conducted. Most trials enrolled dialysis patients, and we did not identify studies enrolling predialysis patients. Because the prevalence of sexual dysfunction remains high in predialysis CKD patients whereas the prevalence of cardiovascular disease is lower than in dialysis patients, this group may represent an opportunity to safely conduct clinical trials assessing the safety and efficacy of PDE5i.
Our systematic review also identified important opportunities for examining the effects of treatments for sexual dysfunction on patient-level outcomes, such as quality of life and cardiovascular events. Previous studies have observed strong associations between erectile dysfunction, depression, and adverse cardiovascular outcomes (8, (17) (18) (19) 50) , although a causal link has not been definitively established (18) . Of the trials included in our meta-analysis, none considered these patientlevel outcome parameters.
Strengths and Weaknesses
Our review had several strengths and weaknesses. The strengths included systematic searches of medical databases, data extraction, analysis, and trial quality assessment by two independent reviewers. The key findings were limited by the lack of long-term studies analyzing interventions targeting erectile dysfunction/sexual dysfunction in CKD patients. The included studies had relatively small sample sizes and were powered to observe differences in surrogate end points rather than patient-focused outcomes. Five studies had a crossover design and most did not adequately report study methods to determine trial quality. Although it is plausible that treatment effects of various agents might differ depending on the stage of the kidney disease, on the basis of the current available data, it is unclear whether such effects truly exist. Further, significant heterogeneity was observed for many outcomes but further analysis to explore the reasons for this heterogeneity could not be conducted because of the small number of studies. Publication bias might exist; however, given the lack of adequate number of studies, formal tests could not be conducted. In the general population, a higher PDE5i dose provides a better response, but whether such effects existed in CKD was unclear. In short, these issues highlight the fact that treatment of sexual dysfunction in CKD has received inadequate attention by researchers to date.
Conclusions
Implications for Practice
Modest evidence exists for the efficacy of PDE5i in CKD patients. The safety profile of these agents has not been extensively analyzed in CKD. Clinicians may use PDE5i in CKD patients who do not have any contraindications for PDE5i use. Oral zinc seems to increase testosterone levels and improve sexual dysfunction, but this evidence needs to be confirmed in future larger trials.
Implications for Research
Given the high prevalence of sexual dysfunction in CKD and lack of clinical trials, further and larger trials exploring various treatment options in male and female CKD patients are needed. These studies should focus on biochemical and patient-cen-tered end points along with establishing their safety profile in dialysis and predialysis patients. Comparative studies of the efficacy and safety of different PDE5i in CKD patients are also warranted.
